
Three decades ago, when the federal government’s
National Center for Health Services Research and
Development began to support research on comput-
er applications in health care, few imagined the
impact that information systems and sciences would
have on medical care today. For most, the idea of a
national clearinghouse of guidelines, available

through a computer that sits on a home office desk-
top, seemed like science fiction. For a few researchers
and those supporting their work, however, visions of
what could become possible in the management of
health care information called for development of
computerized systems and the evaluation of their
effects on quality, cost, and access to care.

The Agency for Healthcare Research and Quality
(AHRQ, from 1999) and its predecessor agencies—
the National Center for Health Services Research and
Development (beginning in 1968) and the Agency for
Health Care Policy and Research (from 1989 to
1999)—have a rich history of funding research, devel-
opment, and evaluation in medical informatics.
Although the grant investments since 1968 total only
$107 million ($246 million in 2000 dollars), they sup-
ported initiatives that have established a research
framework for many of the computer applications
now being used today. 
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A b s t r a c t The Agency for Healthcare Research and Quality and its predecessor 
organizations—collectively referred to here as AHRQ—have a productive history of funding
research and development in the field of medical informatics, with grant investments since 1968
totaling $107 million. Many computerized interventions that are commonplace today, such as 
drug interaction alerts, had their genesis in early AHRQ initiatives.

This review provides a historical perspective on AHRQ investment in medical informatics research.
It shows that grants provided by AHRQ resulted in achievements that include 
advancing automation in the clinical laboratory and radiology, assisting in technology develop-
ment (computer languages, software, and hardware), evaluating the effectiveness of computer-
based medical information systems, facilitating the evolution of computer-aided decision making,
promoting computer-initiated quality assurance programs, backing the formation and application
of comprehensive data banks, enhancing the management of specific conditions such as HIV 
infection, and supporting health data coding and standards initiatives.

Other federal agencies and private organizations have also supported research in medical 
informatics, some earlier and to a greater degree than AHRQ. The results and relative roles of these
related efforts are beyond the scope of this review.
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The focus of AHRQ’s early research funding in med-
ical informatics was on acquiring patient care data and
communicating patient care management informa-
tion. The goal was not only to improve the quality of
care, but also to achieve reductions in costs and med-
ical personnel resource use by processing data more
efficiently. Research aimed at improving communica-
tion of information was targeted at what we would
call today “getting the right information to the right
place at the right time.” The promise of this research
was its ability to provide findings that would guide
reorganization of care delivery, take advantage of the
more rapid communication of necessary information,
and reduce manpower needs.1 Over time, AHRQ’s
funding has emphasized the application of health
services research methods to evaluations of informa-
tion technology used in community health settings.
This article highlights key accomplishments emerging
from AHRQ’s funding that have improved the quality
of patient care in studied sites and have the potential
to improve health care in all settings. 

Other federal agencies (such as the National Library
of Medicine, the Veterans Health Administration,
and the Department of Defense) and private organi-
zations (such as The John A. Hartford Foundation,
The Robert Wood Johnson Foundation, and the
American Hospital Association) have supported
developments in medical informatics, with some
having greater research expenditures and earlier his-
tories than AHRQ. Nevertheless, it is the Agency’s
contributions to medical informatics that are the
focus of this study. The purpose of this article is to
provide a historical perspective for understanding
the benefits of past research funded by AHRQ that
supports health care applications of information
technology today and that foreshadows AHRQ’s
medical informatics initiatives for the future.

Method

The AHRQ grant history was searched using internal
administrative records for grants pertaining to med-
ical informatics since 1968. Table 1 shows the grants
that were discovered, listed by the year of first
AHRQ funding, AHRQ grant number, title, principal
investigator, and funded institution. Once the grants
were identified, a MEDLINE search was performed on
articles written by the principal investigators to
determine the contributions made to the medical
informatics literature by these investments. Articles
were chosen on the basis of their illustration of the
development and application of computer applica-
tions to practical problems and on their findings of

effects on quality of care, patient outcomes, health
care costs, use, or access. There is no equivalent
searchable AHRQ contract history; however, some
contract material was discovered, as shown in
Table 2. The middle two digits in the contract num-
bers shown in Table 2 denote the year in which con-
tracts were awarded. A literature review by Kunitz
and Associates supplied helpful links to the contri-
butions of AHRQ-funded researchers.2

This paper is principally a summary of the fruits of
AHRQ grant support of medical informatics, supple-
mented by selected contracts and intramural re-
sources. In some cases, no attribution to AHRQ (or its
predecessors) for funding support was found in the
articles. For most of these publications, we did not pre-
sume AHRQ support, and the article was not includ-
ed. Consequently, the articles cited here are a portion
of all the articles produced with AHRQ support. 

We attempted to link publications and other contribu-
tions to specific grants, and have provided grant num-
bers when possible. The sequentially assigned grant
numbers (and, occasionally, contract numbers) are
shown in brackets in the text. In most instances, but
not all, the sequence numbers indicate the order in
which the grants were funded. By citing these refer-
ence numbers, we do not mean to imply that AHRQ
grants were the only source of funding for cited con-
tributions. Other funders deserve much credit as well.

In 1968, AHRQ (as the National Center for Health
Services Research and Development), with Paul
Sanazzaro as its first director, was created from sever-
al components of the Health Services and Mental
Health Administration (HSMHA). Some grants fund-
ed by HSMHA were carried into AHRQ but received
no additional funding. Those that did receive addi-
tional AHRQ funding are included, where this could
be determined.3,4 For example, two health services
research centers targeted to health care technology
research were initiated in HSMHA with funding con-
tinued by AHRQ. The two centers were led by Morris
Collen, Kaiser Foundation Research Institute,
California [HS00288] and Donald Lindberg, Univer-
sity of Missouri Medical Center [HS00014].5–7

From 1973 to 1995, Norman Weissman was the direc-
tor of the Center for Extramural Research (or its equiv-
alent in health information technology) and, along
with Gerald Cohen, Bruce Waxman, Donald Barnes,
Richard DuBois, Robert Ullom, James McAllister, Alan
Mayer, and others at AHRQ, strongly encouraged the
application of health services research methods in
medical informatics.8
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Areas of Medical Informatics Support

The principal areas of research in medical informatics
funded by AHRQ in the past three decades are sum-
marized in Table 3. They include health care infor-
mation systems, decision support, computerized
medical records, and medical informatics standards.

Health Care Information Systems

Medical care is notorious for its immense knowledge
base, the vast array of data that are applicable to
patient care, and the complexity of those data. Yet
many clinicians and hospitals still rely on paper and

pen to record data, on charts and files to store data,
and on their memories or searching abilities to find—
in stacks of charts, files, books, journals, and litera-
ture summaries—data and information to support
decisions. Early researchers in medical informatics
recognized the power of the computer for data stor-
age and retrieval and developed information systems
that, they dreamed, would someday replace much of
the paper in health care.

Medical Information Systems

Morris Collen led the effort at Kaiser Permanente to
collect, format, and store information from more than
200,000 multiphasic health screening examinations in
patients’ computer medical records [HS00288]. This
functioning system had the ability to add informa-
tion from subsequent encounters using manually
encoded forms, optical scanning devices, and
machine-readable cards. In 1971, the data bank con-
tained about 1 million patient records in “an inte-
grated, continuous, variable length, variable format
record.”9

Lawrence Weed, who championed the problem-
oriented medical record, provided an organizational
framework for a comprehensive medical record that
included medical mapping of patient data and med-
ical information and feedback loops of information to
the physician [HS00175].10 Based on this framework,
the Problem-Oriented Medical Information System
(PROMIS) database was developed. This visionary
computerized record-keeping system included such
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Table 3 ■

Three Decades of AHRQ Medical 
Informatics Support

Health care information systems:
Medical information systems
Computerized data banks
Automation in clinical laboratory, radiology, 
and critical care

Decision support and quality assurance: 
Computer-aided decision making 
Patient-centered HIV management systems 
Quality assurance and improvement

Computer-based medical records and integrated
information systems: 

Medical information standards 
Research and development 
Coordination 
Health information privacy 

Table 2 ■

List of Selected AHRQ-funded Contracts

Contract Number Contractor Title Year of Award

110-68-0047 Lockheed Air Corporation, Analysis of Information Needs of Nursing Stations 1968
Sunny Vale, California

110-71-0128 El Camino Hospital Demonstration of Existing Hospital Information 1971
Mountain View, California System

110-73-0331 Battelle Memorial Institute Evaluation of the Implementation and Operation of  1973
Columbus, Ohio the Technicon Medical Information System at  

El Camino Hospital

106-74-0118 University of California at San Francisco, Analysis of Existing Ambulatory Automated   1974
San Francisco, California Medical Record Systems

106-74-0118 Indiana University, Protocol-based Computer Reminders 1974
Indianapolis, Indiana

230-75-0204 University of Vermont, Evaluation of the Problem-oriented Medical Record 1974
Burlington, Vermont System

233-78-3010 University of Vermont, Exportation, Expansion, and Dissemination of the 1978
Burlington, Vermont PROMIS System

282-91-0015 Kunitz and Associates, Inc., Data Sources for Ambulatory Care Effectiveness  1991
Rockville, Maryland Studies



features as touch-screen interfaces, which are com-
monly used in today’s kiosks.11 

Howard Bleich pioneered the automation of comput-
er-based interactive consultation programs that
assisted physicians in the diagnosis and treatment of
disease states such as electrolyte and acid-base dis-
orders, dermatologic conditions, and hypercalcemia
[HS00188].12–16 Computer-based teaching programs
for physicians were developed in the areas of hemo-
stasis and nitroglycerin administration.17,18 In addi-
tion, computer-based instructional programs were
designed for patients, such as the proper collection of
a clean-caught urine specimen.19

Spearheaded by Octo Barnett [HS00240, HS03588,
HS04073], the Computer Stored Ambulatory Record
(COSTAR) was implemented beginning in 1968.
Development of this automated medical record sys-
tem was a collaborative effort between the Massa-
chusetts General Hospital Laboratory of Computer
Science and the Harvard Community Health Plan. 

COSTAR is programmed in MUMPS (Massachusetts
General Hospital Utility Multi-programming
System), a computer language better tailored to mod-
eling the capture, storage, and retrieval of medical
data than COBOL and FORTRAN, which were rou-
tinely used at the time.20 The Agency supported the
development of MUMPS, contracted with the
American National Standards Institute (ANSI) to
have this language standardized by the National
Bureau of Standards, funded a MUMPS users group
to encourage its dissemination [HS01540], and
formed a MUMPS Development Committee to foster
collaboration among industry partners [HS02760].
MUMPS was adopted by the Department of Veterans
Affairs for use in its hospital information systems
and is used throughout the world. In 1988, MUMPS
became an IBM-supported programming language.

COSTAR supported direct patient care, quality assur-
ance programs, and billing. One quality assurance
program monitored treatment follow-up after posi-
tive throat cultures for streptococcus.  Before inter-
vention, a computer-generated audit of medical
records for documentation of follow-up treatment for
positive throat cultures found an unacceptable level
of missed follow-up, sometimes as high as 17 percent
of the patients seen. Once computer-generated
reminders were implemented, noncompliance fell to
as low as 0 percent. When reminders were removed,
the failure rate returned to prior levels.21 COSTAR has
been installed both nationally and internationally in
hundreds of sites.

Homer R. Warner led the development of the Health
Evaluation through Logical Processing (HELP) sys-
tem. This integrated hospital information system,
conceived in the late 1960s and supported by AHRQ
from 1972 to 1977 [HS01053], is used at LDS Hospital
in Salt Lake City, Utah, and is distributed commer-
cially by the 3M Company. The main clinical role of
HELP was to provide decision support for health
professionals and, like COSTAR and PROMIS, demon-
strated that computer systems could not only replace
much of the paper record but could also improve the
process of care by enhancing the use of that informa-
tion. This system has evolved to include alerting sys-
tems (abnormal laboratory results), critiquing sys-
tems (blood product utilization), suggestion systems
(protocols for ventilator management), quality assur-
ance systems (mammography screening), and
more.22 

In the late 1970s and early 1980s, AHRQ supported
the development and evaluation of computer-based
patient records. Much of this early work was done in
ambulatory settings.23 In Illinois, use of the
Northwestern University Computerized Medical
Record Summary System (NUCRSS) was shown to
shorten lengths of hospital stays and contribute to
better care and outcomes for patients with hyper-
tension, renal disease, and obesity [HS02649].24 A
Summary Time-oriented Record (STOR), developed
at the University of California at San Francisco, was
found to influence positively a physician’s ability to
predict the effectiveness of alternative treatment
strategies [HS03802].25 The Agency also supported
the study of scientific and operational issues of data-
base technology, its components, and alternatives to
actual implementation on computer system
advanced applications [HS03650].26 

The partnership of Clement McDonald and William
Tierney in the development of the Regenstrief
Medical Record System (RMRS) and the evaluation
of its effects on practice provide an example of the
optimal interaction of medical informatics and health
services research [HS02485, HS04080, HS04996,
HS05626, HS7719]. The RMRS serves Wishard
Memorial Hospital in Indianapolis and is multi-
faceted, in that it has the capacity to store patient
observations, laboratory test results, and imaging
studies as well as generate flow sheets and reminders
and capture orders directly from physicians. In a
series of controlled trials, RMRS contributed signifi-
cantly to improvements in the quality of patient
care.27 In one study, computer-generated reminders
increased preventive care measures practiced by
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physicians at least twofold.28 In a 1993 publication,
Regenstrief Institute researchers showed that inter-
ventions generated by microcomputer workstations
when physicians wrote inpatient test and drug
orders saved the hospital’s medicine service an esti-
mated $3 million annually. Nationally, this could
translate into billions of dollars.29 

Computerized Data Banks

Researchers anticipated that repositories would per-
mit longitudinal data to be collected and stored in
ways useful for the conduct of epidemiologic studies,
leading to better understanding of disease manifesta-
tions and efficacy of treatment regimens. In the mid
1970s, Frank Starmer at Duke University created a
computerized representation of the geometric struc-
ture of coronary artery trees, to be used in the classi-
fication of heart disease [HS01613]. This technology
allowed quantification of findings from patients who
underwent cardiac catheterization. The patient work-
up that included these findings, detailed data about
interventions, and the patient status over long-term
follow-up were entered into the Duke Cardio-
vascular Data Bank.30

Robert Rosati, Eugene Stead, David Pryor, Frank
Harrell, Robert Califf, and others have shown that the
Duke Data Bank can function as a time-lapse camera
associating cause with outcome. For example, they
identified characteristics important for estimates of
“the likelihood a patient had significant coronary
artery disease” and “the likelihood of disease when
applied prospectively to 1,811 patients . . .” [HS06503,
HS05635, HS04873]31; devised a prognostic score
based on the treadmill test, which accurately predict-
ed outcomes (better than did the clinical assessment)
in a study of outpatients with suspected coronary dis-
ease and which assisted clinicians in determining
whether to refer such outpatients for cardiac catheter-
ization [HS05635, HS04873, HS06503]32; and provided
many other significant findings [HS03834].33–37

In the 1990s, the Cooperative Cardiovascular Project,
a collaborative effort among Duke University,
AHRQ, and the Health Care Financing Administra-
tion built on this foundation to identify factors that
contributed to outcomes of coronary bypass grafting.
Risk adjustment and provider profiling methods
were studied as mechanisms for service improve-
ment [HS05635].38

The Arthritis Rheumatism and Aging Medical
Information System (ARAMIS) was developed by
James Fries at Stanford University School of Medi-

cine to gather data for epidemiologic purposes and
was adapted to help improve health outcomes more
directly as a decision support tool.39 A study pub-
lished in 1999 used the ARAMIS data bank to evaluate
the relationship between the use of non-steroidal
anti-inflammatory drugs and gastrointestinal com-
plications in patients with arthritis.40 The data bank
has also been applied to improving outcomes, such
as reducing discomfort and lessening the economic
impact of arthritic diseases [HS01875].41 Another
example is IDEFIX, a knowledge-based system that
produces patient summaries derived from ARAMIS
and has been employed for the assessment of patients
with systemic lupus erythematosus [HS04389].42

The AIDS Time-oriented Health Outcome Study
(ATHOS) collected longitudinal data, such as mortal-
ity trends, quality-of-life issues, and drug-related
toxicities, on this rapidly evolving illness. Patients
complete health assessment questionnaires, and their
answers are put into a computerized database.43

Information gained includes a better understanding
of HIV-infection progression, the classification of
HIV-disease states, and the economic and social
effects of this illness [HS06211]. 

Automation in Clinical Laboratory, 
Radiology, and Critical Care

The first AHRQ-supported medical informatics proj-
ects focused on the clinical laboratory from the late
1960s through the mid-1970s. Once the computer
handled most of the information processing, medical
technologists could focus more time on performing
test procedures, thus decreasing turn-around times.44

Information systems could then transmit test results
directly to physicians. For example, the Direct Input
Voice Output Telephone System (DIVOTS) was used
to deliver laboratory reports expeditiously by phone.
The first live transatlantic demonstration of a com-
puterized audio-laboratory communication system
was conducted using this technology.45

These early innovations owe much to the work of
Arthur Rappoport [HS00060] and David Seligson
[HS00075] and laid the foundation for the modern
clinical laboratory as we know it today, equipped
with sophisticated computerized instrumentation
and interfaced with hospital information systems. 

The Agency supported research into automating the
reporting and retrieving of radiologic consultations
during the 1970s [HS00646, HS01054, HS01566,
HS02099]. The Missouri Automated Radiology
System (MARS), under the direction of James L. Lehr
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[HS00646], allowed for swift, computerized delivery
of radiologists’ interpretations of x-ray reports. In
one study, 70 percent of traditionally dictated reports
were not available to the patients’ physicians until
the next day. MARS-generated reports, however,
boasted a 75 percent same-day turn-around time, and
a 93 percent next-day completion rate.46

Morris Simon [HS01054], at Beth Israel Hospital in
Boston, developed a coded language for radiologic
reporting, referred to as CLIP (Coded Language
Information Processing).47 CLIP accelerated the
reporting and retrieval of radiologic results, thus pro-
viding physicians with prompt feedback. 

Throughout the 1970s, AHRQ supported research in
computer-based monitoring of patients in critical
care settings [HS01195, HS01467, HS01472, HS01474].
The surgical intensive care unit at Buffalo General
Hospital was outfitted with the Clinical Assessment
Research Education (CARE) system, which continu-
ously monitored physiologic and metabolic functions
of critically ill patients and managed data about fluid
and electrolytes as well as cardiac and respiratory
functions.48 In a 6-year observational study led by
John H. Siegel [HS01195], the CARE system was
credited with a reduction in non-cardiac surgical
mortality of more than 8 percent and with a drop in
trauma mortality from 25 to 7.5 percent.49

Max H. Weil, at the University of Southern California,
was another forerunner in this field. His innovations
improved computerized cardiovascular monitoring
and served as the prototype for the technologically
advanced critical care units of today [HS01474].50

Decision Support and Quality Assurance

Researchers recognized that computer systems might
improve the quality of care by assisting people with
cognitive tasks and overload. The Agency funded
studies that ranged from interventions to bring infor-
mation to bear on a problem, through checks for mis-
takes, to analysis of data to identify quality problems.

Computer-aided Decision Making

Pauker  and others51 investigated the problem of re-
lating medical knowledge to the clinical problem at
hand. They developed a computer program that
applied principles of artificial intelligence to under-
standing complex problem-solving strategies to sup-
port physician decision making related to patients
with edema [HS 00911]. 

In a hallmark article published in 1976, Clement
McDonald52 discussed the “non-perfectibility” of
man. Simply put, human beings have limitations
when processing information, and physicians are
more likely to commit errors as a result of “sensory
overload” than because of inherent “flaws” in their
knowledge base. To compensate for these human
limits, McDonald and other investigators have
designed and tested computer-aided decision-mak-
ing tools that produce prompts, reminders, alerts,
and consultations. As the 2000 Institute of Medicine
report To Err is Human: Building a Safer Health
System53 concluded, the establishment of systems that
remind, support, and correct decisions can often pre-
vent mistakes in health care delivery.

Several grants developed and evaluated the effects of
computerized systems in helping clinicians and
patients improve the effective use of drugs, avoid
their potential adverse effects, and reduce their cost.
In the 1970s, Stanley Cohen [HS00739, HS03000]
developed a computer-based system that warned of
adverse drug reactions at Stanford University
Medical Center.54 Also at Stanford, Leslie Lenert and
others [HS05263] modeled a computer program to
monitor blood concentrations of drugs and recom-
mend changes in the drug dose when the concentra-
tion is outside the therapeutic level.55 Stephen
Gehlbach [HS03896] conducted a study at Duke
University in the early 1980s in which physicians
were given computer-generated feedback on their
prescribing habits, coupled with information on the
cost savings that would have occurred if a generic
equivalent had been selected instead. As a result of
this feedback, the prescribing of generic drugs
increased in the experimental group of physicians
from 14 to 67 percent.56

During the late 1980s and into the early 1990s, the
HELP hospital information system at LDS Hospital
in Salt Lake City was expanded to include an “auto-
mated antibiotic consultant” [HS06028]. The comput-
er program recommended the appropriate empirical
antibiotic regimen (a decision made at the time a
specimen was submitted to the laboratory but before
results were available) 94 percent of the time, com-
pared with the 77 percent success rate of control
physicians.57

Regenstrief Institute researchers showed at Wishard
Memorial Hospital that computerized displays of
previous test results, generated at the time of order-
ing, reduced the number of tests ordered by 16.8 per-
cent and the cost of testing by 13 percent [HS02485].58

Being able to see quickly, for example, a patient’s last
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three complete blood counts and the intervals at
which they were ordered preempted the physician
from requesting unnecessary tests. Once reminders
were removed, however, redundant ordering
resumed. 

Coupled with alerts, protocol-based reminders have
also been incorporated into automated systems and
studied for their effects on patient outcomes and clin-
ical processes [HS06283]. For example, winter mor-
bidity was decreased by 10 to 30 percent during a 3-
year trial period from 1978 to 1980, when physicians
received computer-based reminders to administer
influenza vaccines [HS04996].59 At Beth Israel
Hospital in Boston, in the early 1990s, computerized
alerts were implemented to warn of rising creatinine
levels, which can indicate kidney failure [HS06288].
Medications were adjusted or discontinued almost a
full day sooner on average as a result.60 A computer-
based health maintenance tracking system generated
a 15 percent increase in provider compliance with
preventive measures such as mammography and
Pap smears.61

Patient-centered HIV Management Systems

Much of the medical informatics funding by AHRQ
during the 1990s evaluated computerized systems
that supported the management of HIV infection.
The Comprehensive Health Enhancement Support
System (CHESS) was developed by David Gustafson
and colleagues at the University of Wisconsin–
Madison [HS06177]. This interactive computer-based
system has an HIV/AIDS module that renders per-
sonalized assistance to individual patients. In this
study, computers were placed in patient homes for a
3- to 6- month period. Patients infected with HIV
who used CHESS had fewer hospitalizations and
reported higher quality of life.62

The AIDS Time-Oriented Health Outcomes Study
(ATHOS) was a national observational database of
HIV-infected patients who were seen by physicians
at Stanford University [HS06211]. Strategies for
improved management of HIV infection, particularly
for disease progression and quality of life, were
derived from this database.63 At Beth Israel Hospital,
Charles Safran developed a system that linked an
electronic patient record to treatment protocols, drug
information, alerts, and community resources for the
care of patients with HIV infection [HS06288]. 

Access to this database helped physicians deliver a
higher level of care to these patients.64 The system
included a computer-based interview screening

blood donors for HIV infection. The computer inter-
views elicited more self-reports of HIV-related
behaviors from potential donors, who indicated that
they felt the computer interview was more private.65

Mark Musen, at Stanford University, contributed to
the creation of “AIDS2,” a computerized decision
support tool that helps physicians match HIV-infect-
ed patients with therapy-related clinical trials
[HS06330]. This system allowed eligibility status to
be determined more efficiently than before and
enabled a greater number of qualified patients to be
enrolled and to receive state-of-the-art treatments.66

Quality Assurance and Improvement

A major theme behind AHRQ funding of medical
informatics projects has been improvement of the
quality of care [HS02142, HS02469, HS03087,
HS03573, HS05275, HS05635, HS06283, HS06469,
HS06512]. Richard Winickoff, at Harvard Community
Health Plan, developed a computer-based ambulatory
quality assurance program in an early attempt to
improve physician compliance in screening for colo-
rectal cancer [HS02142]. This study was one of the first
to use peer-comparison feedback, which was shown
to be effective in modifying physicians' behavior. It
has since become a central component of quality
improvement programs worldwide. As a result of this
intervention, physicians increased appropriate pre-
ventive measures (digital examinations and occult
blood screening on patients over 40 years old) from 66
to 79.9 percent.67

Heather Palmer, at Harvard University [HS03087],
conducted the Ambulatory Care Medical Audit
Demonstration (ACMAD), a computerized quality
assurance project that monitored activities using
medical records to examine whether prescribed treat-
ment protocols were being followed.68 Tracking was
done on tasks such as cancer screening for women,
follow-up after abnormal serum glucose findings, and
well-child care. In one ACMAD study, deficiencies in
care were found that ranged from 6 to 42 percent of
the cases, despite prior approval of established guide-
lines by the physicians in the study.69 These variations
in compliance indicate that physicians do not always
translate their beliefs into practice. 

Lisa Iezzoni developed and tested computer pro-
grams applied to administrative data, particularly
payment claims and hospital discharge abstracts. The
Complications Screening Program (CSP) evaluated
the use, accuracy, and completeness of these data for
targeting potential quality of care problems in hospi-
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tals [HS06512, HS09099]. Patients with in-hospital
complications in 1995 not only were older but were
more likely to die, to have longer stays, and to have
higher total charges.70

The driving question is whether a computerized
screening tool based on administrative data that con-
tain patients’ diagnoses and procedures can “flag,” in
hospitals, cases with potential quality problems for
further investigation in a valid and efficient manner.
Findings revealed mixed but encouraging results—
coding completeness was suspect71; sometimes
flagged cases did not have a higher probability of
process problems,72 whereas other times they did73;
and validity appeared to be greater when CSP was
applied to surgical cases than to medical cases.74

Treatment of diabetes has been shown to benefit
from computerized feedback systems [HS07719].75

Computer-assisted applications were helpful in con-
ditions affecting elderly patients, such as depression
and alcoholism, and in the use of advanced directives
[HS07632].76 Improving access to care via telecom-
munication technology was investigated in under-
served rural areas [HS08247], and telephone-linked
care was successfully used in ambulatory settings to
augment office visits and to monitor and counsel
patients with hypertension [HS05135].77

Investigators funded by AHRQ in the late 1990s
began exploring Web-enabled clinical information
systems that hold promise for seamlessly integrating
clinical data from separate sources [HS07719].78 With
the funding of research studies into computer-based
access to clinical guidelines, AHRQ anticipates find-
ings to show the effects of integrating accepted prac-
tice guidelines with patient care data at the time and
place of service delivery [HS06575, HS08750,
HS09407, HS09421, HS09436].

Computer-based Medical Records and 
Integrated Information Systems

Studies funded by AHRQ contributed to the knowl-
edge base on which computer-based medical records
and integrated information systems are built—how
to enter and retrieve patient care data efficiently, how
to link the data with medical knowledge to improve
medical care processes, and how to achieve user
acceptance or, at least, user cooperation. 

El Camino Hospital received AHRQ-support from
1971 to 1974 [110-73-0128] to study the first imple-
mentation of a hospital-wide system that included
direct physician order entry. The Technicon Medical
Information System served both administrative and

clinical functions. Outcomes from implementing this
system included a 5 percent reduction in nursing
costs, a 4.7 percent shorter average length of stay, and
an overall decrease in hospital costs.79 A peculiarity
reinforcing the belief that there were real cost savings
at El Camino, as noted by Lindberg, is that “[a]ccord-
ing to the installation contract, all costs were to be
borne by Technicon, the vendor, who was to be paid
a fee only for savings generated by the MIS that were
confirmed by all parties.”80

Analyzing the general requirements for a medical
information system (both hospital and outpatient) in
1970, Collen discussed the “extraordinary require-
ments” of such systems for capital, personnel, and
organization, as well as the “stringent requirements
for high reliability and user utility” [HS00288].81 Also
at this time, Lindberg presented a model of a
statewide medical information system with its
advantages, social issues, and technical problems
[HS00014].82

Robert Robinson, in 1970, examined techniques for
acquiring narrative medical record data, finding that
speech analysis was not sophisticated enough for
everyday use [HS00093].83 Although natural lan-
guage processing was felt to have considerable
potential, much improvement in technology and
abstracting methods had to take place before value
would be received. 

John Rockart investigated the interesting question of
which medical records should be kept in an active
file and for how long, based on four scenarios
[HS00307].84 Simulation analysis parameters includ-
ed active file size, probability that a stored record
will be needed (based on distance of patient resi-
dence from the clinic and number of previous
returns to the clinic), and costs. This method is appli-
cable to paper and computerized medical record
storage when active and inactive files have different
costs or times for storage and retrieval processes.

In 1972, Startsman and Robinson reported on a survey
of seven occupational categories in a university med-
ical center setting, noting at that time an “expressed
reluctance of interns to use computers” [HS00093].85

In 1973, Rockart built on the work of Collen and oth-
ers by analyzing computer processing of patient his-
tory questionnaires that are filled out by patients at
home, where they have better access to such infor-
mation as drug labels and family records. He studied
physician acceptance (most were very favorable—
the physicians thought it saved time), patient atti-
tudes (nearly all were favorable or had no comment),
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and content validity (false positive findings recorded
by the automated medical history but not by the
examining physician averaged 1.2 per patient).86

The PROMIS system was extensively analyzed at the
Medical Center Hospital of Vermont [230-75-0204].
Recommendations stemming from this investigation,
such as the need to simplify data entry and retrieval,
precipitated modifications to the system that
improved its functionality in clinical settings and
provided “lessons learned” to other system develop-
ers and implementers.87 

James Campbell studied the effect of computerized
medical records on personnel in a teaching clinic at
the University of Nebraska College of Medicine
[HS04949]. Nurses and clerical workers noted a dra-
matic, and scientifically documented, improvement
in the availability of medical records and in patient
management, particularly during responses to tele-
phone inquiries.88

The capture and management of orthopedic narra-
tive data using special formats to enable its storage
and retrieval from a “computer-manageable bank of
clinical data” was developed at New York University
Medical Center and Bellevue Hospital Center in 1972
[HS00128].89 MEDPhrase, developed at Massa-
chusetts General Hospital, linked stereotypical
phrases used by physicians to a controlled vocabu-
lary [HS06575]. With MEDPhrase, as reported in
1996,90 physicians have a computerized “memo-type
pad,” which appears as a window on the computer
screen, and are able to link their shorthand notations
to predetermined phrases. 

Medical Information Standards 

Standards for health care data are important because
they improve the basic infrastructure for communi-
cating health information, especially information in
computerized form. For patient care as well as for
research, the uniformity, accuracy, and computeriza-
tion of health care data are essential for comparing
like medical concepts and for understanding the
meaning of clinical and administrative health care
communications

Research and Development 

During the mid to late 1990s, AHRQ collaborated
with NLM and the John A. Hartford Foundation to
support the development of the Logical Observation
Identifiers, Names, and Codes (LOINC) standard
[HS05626, HS07719] at Regenstrief Institute and
Indiana University. LOINC includes more than 10,000

names and codes and uses a uniform vocabulary for
reporting clinical laboratory test results across com-
puter systems.91 Its ongoing development is support-
ed by a coalition of federal agencies (NLM,
Department of Veteran Affairs, Department of
Defense, and Centers for Medicare and Medicaid
Services). Freely available, LOINC is growing in
national acceptance as the standard for transmitting
laboratory results electronically and has been adopted
by the American Clinical Laboratory Association.
This standard simplifies the tasks of data collection
and dissemination and minimizes costs associated
with these functions.92 

In the area of lung cancer, AHRQ funded the devel-
opment and study of uniform taxonomies based on
both clinical and functional patient conditions rather
than on just the characteristics of a tumor. These tax-
onomies are useful for investigating the effects of
patient differences on estimates of the prognosis of
primary lung cancer patients [HS00408, HS02764,
HS04101].93 Uniform recording of clinical history and
patient health status is important for estimating
prognosis. These studies emphasize the need for sci-
entific investigation of such factors to provide an evi-
dence base for patient classifications [HS04101].94 

Coordination 

An AHRQ report to Congress in 1991 identified gaps
in standards development and a lack of coordination
among U.S. health data standards developing organ-
izations (SDOs).95 In response, AHRQ convened a
national meeting of these SDOs and invited ANSI to
describe its official coordinating mechanisms. The
SDOs voted to form a planning panel, approved by
ANSI in December 1991. The panel was followed by
the Health Informatics Standards Board (HISB),
which was approved by ANSI in 1995 as a permanent
board for national coordination and continues today. 

To reduce administrative health costs by promoting
national health data uniformity, Congress directed the
Secretary of Health and Human Services (HHS), in the
Health Insurance Portability and Accountability Act
(HIPAA) of 1996 to adopt (make mandatory) national
health information standards in four areas—electronic
administrative transactions, identifiers, security, and
privacy of personal health information.96 Assisting
with the Secretary’s HIPAA mandate, HISB prepared
1) the ANSI HISB Inventory of Health Care
Information Standards (January 1997),97 valuable for
locating standards that were candidates for the
Secretary’s adoption, and 2) the ANSI HISB Inventory
of Clinical Information Standards (June 1998),98 with
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support from AHRQ and the HHS Office of the
Assistant Secretary for Planning and Evaluation. This
latter study contributed to the 2000 HIPAA-mandated
report of the National Committee on Vital and Health
Statistics on standards for patient medical record
information and its electronic transmission.99

Because health information is exchanged across
national borders for patient care, financing, regulato-
ry, and research purposes, the need for a common
understanding of medical concepts both nationally
and internationally logically demands international
coordination of these standards. Working with HISB,
AHRQ supported the formation of the International
Standards Organization’s Technical Committee 215
(ISO/TC 215), Health Informatics, and the formation
of the U.S. Technical Advisory Group to ISO/TC 215
in 1998. This coordination maximizes private and pub-
lic sector input into the formation of U.S. positions and
work items on international health data standards.

Recognizing the need for the public health communi-
ty to be involved in national health data standards
processes that make gathering accurate health data
more efficient, AHRQ joined the Center for Disease
Control and Prevention’s National Center for Health
Statistics to begin the formation of the Public Health
Data Standards Consortium in November 1998.

Health Information Privacy

Standards for protecting the confidentiality of per-
sonally identifiable health information is essential for
building the public’s trust in providers, patients,
health service and public health researchers, and oth-
ers who have legitimate access to this information.
Staff of AHRQ provided input for the HIPAA
Privacy Rule standard (compliance date, April 14,
2003). With the HHS Office of the Assistant Secretary
for Planning and Evaluation as a partner in 2000,
AHRQ sponsored a study by the Institute of
Medicine. This study, Protecting Data Privacy in
Health Services Research, identified best practices
among the nation’s institutional review boards and
made recommendations to improve the protection of
personally identifiable health information when used
by health services researchers.100

Prospects for Informatics in Health Care 
Research and Quality

Many remarkable achievements in medical informat-
ics during the past 30 years have emerged as a result
of AHRQ funding and support. Evaluations of med-

ical informatics funded by AHRQ have included a
variety of methods from the toolbox of the evaluation
sciences—controlled trials with random allocation of
patients to groups of physicians; randomized alloca-
tion of clinicians and institutions into control and
study groups; reversal of control and study groups to
analyze information system effects, before and after
evaluation; the use of matched pairs of organizations
with and without extensive computerized health
information systems; and others.

Current Driving Forces

Improving the quality of patient care and minimizing
costs, as well as improving access to care, are the
underlying goals of research that advances medical
informatics. One driving force for more medical infor-
matics research is understanding how links between
clinical information and health information (both
good and bad) on the Internet can affect patient–
physician relationships and patient understanding,
compliance with treatment, and health status. 

Reductions in the costs of computing, storage, and
communication and increases in computing speed
and communication bandwidth have revolutionized
information management substantially in many
industries, but not so much in health care. Address-
ing this revolutionary gap is a second driving force
that must be informed by scientific research findings
that show where the most productive information
technology investments are to be made in health care. 

The need to compare data, codes, and clinical concepts
across sites of care and health enterprises is well rec-
ognized. Overcoming vocabulary and coding barriers
and other data incompatibilities that have long hin-
dered easy transfer and consolidation of clinical infor-
mation is a third and continual driving force as medi-
cine and technology combine and evolve over time.101

A fourth driving force is the demand for medical
informatics tools to improve patient safety, not only
by preventing inappropriate actions but also by
reducing errors of omission.102 

Responding to patient safety and quality improve-
ment priorities and to many of these driving forces,
AHRQ is funding health informatics through two ini-
tiatives, begun in 2001 with initial funding of approx-
imately $10 million and carried on through 2002 and
2003. The first initiative supports medical informatics
research on improving the delivery of evidence-
based information to health decision makers and
enhancing the collection of patient and practitioner
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data, including quality and outcome data, as an inte-
gral part of patient care. The second initiative sup-
ports clinical informatics research focusing on the
role of computers and communication in improving
patient safety. These initiatives are in addition to the
general investigator-initiated grants funding that
also supports medical informatics. The Agency
offers guidance to researchers through published
requests for grant applications and general program
announcements for investigator-initiated research
studies (see http://www.ahrq.gov).

Challenges Ahead for Medical Informatics

Many challenges lie ahead for medical informatics
research. They include:

■ Improving the standardization of clinical vocabu-
lary and coding

■ Improving the integration, comparability, and
confidentiality of health care data across computer
systems and sites of care

■ Linking patient care data and medical information
accurately to support clinical decision making,
while protecting patient confidentiality

■ Identifying and overcoming the barriers to the use
of medical informatics tools in the medical com-
munity

■ Identifying the highest valued, most productive
uses of information integration and computer and
communication system applications in health care

Future directions for AHRQ-funded medical infor-
matics research will be guided by the expressed
needs of the users of health information systems and
the challenges that face developers of medical infor-
matics applications. Findings from this research are
intended to inform the choices that users of health
information systems will have to make to satisfy
demands for patient safety, quality improvement,
and efficiency.

In many respects, computerized medical information
systems are an emerging technology whose true
potential is yet to be fully realized.103 As with other
emerging technologies, it is critical to evaluate infor-
mation technology’s contributions to improved
health, its most appropriate uses, and its risks over
time.104 The Agency will continue to support health
services research into applications of information
technology in health care, to ensure that high-quality
information is available for health care decisions.

The authors acknowledge the superior support from the AHRQ
Information Resource Center, especially from Deby Blum and
Renee McCullough, and the many helpful comments from four
anonymous reviewers and the editor of this journal. 
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